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ǤǤ
1INTRODUCTION
1.1THEORETICALVIEWOFTHENATURALGASMARKETS	ǤǦ	Ǥ		ȋ ? ? ? ?ȌǦǡǤǡǯǤȋ ? ? ? ?Ȍ		ǯǤ
1.12THESPOTǦFUTURESPARITYANDEFFICIENTMARKETHYPOTHESISǦ	ǡǡǤǤǡǡǤǡǡ
Ǥǡǡ
 ?Ǥ	 ?	ǡ ?ǡǦǤǤ

Equation1Ǯǯǡǡǡ ?

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
Equation2ǡ
ǡǡǡǡǤ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Figure1WorldwidemarketedNaturalgasEnergyConsumption(quadrillionBtu),IEO2010.
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Figure2NationalDemandIndexvs.LondonDailyLowTemperature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(exclmissing
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Min Max Mean Standard
Deviation Skewness Kurtosis
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Equation11
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Asthedatasetcontainstwoleapyears,the29thofFebruary2004and2008havebeenremovedfrom
theanalysistoinsurethattheCHVisconsistentacrossthedataset.Section4.3interpretsthe
estimationresults.FirstlytheAugmentedDickeyFuller(ADF)testwasconductedtocheckfor
stationarity.TheBreush ?PaganandWhitetestswerethenemployedtotestforheteroscedasticity.
Finally,theDurbinWatson(DW)andBreusch ?Godfrey(LM)testswereusedtocheckforserial
correlation.
4.3ESTIMATIONRESULTS
Animportantassumptioninregressionanalysiswithregardstotimeseriesdataisthatthedata
fluctuatesaroundamean,thatis,thedataisstationary.RunningOLSonanon ?stationaryseriescan
leadtoaspuriousregression,toavoidthisallvariablesinthemodelarerequiredtobestationary.
Forexample,generallyonewouldexpectcommoditiestobestationary,overtimetheyareexpected
tofollowanupwardtrend,thisisbecauseasworldpopulationgrows,peopledemandmorefood
andmoreenergyandpeoplegenerallyexpecttheirstandardoflivingtoincrease,allofthesefactors
implyandupwardtrendinfutureyears.TheEMHimpliesthatthebehaviourofcommodityprices
shouldfollowarandomwalk,thatthedatashouldbenon ?stationary,thus,thefollowinghypothesis
willbetested;

H0:ɷ=0Non ?Stationarity
H1:ɷ<0Stationarity

Table2comparesthecomputedtau ?statisticswiththecriticaltauvalues.TheADFisfirstconducted
withjustonelag,thenanAR(p)modelisestimatedtodetermineuptowhichpointlagsbecome
insignificant.Inbothcasesuptothreelagsaresignificant,beyondthispointlagsbecome
insignificant,thus3 ?lagswillbeusedtotesttheADF.BothNaturalGasdemandandtheCHVare
foundtobestationary.Fordemanddata,tenlagswouldhavetobeusedtheconfirmthenullof
non ?stationarityatthe1%levelandfortheCHVtwelvelagsareneededtoverifythenull.
ADFTest Computedɒ,1lag Computedɒ,ARIMA
method
RejecttheNull
Hypothesis?(1%level) Ǧ ?Ǥ ? ? ? Ǧ ?Ǥ ? ? ?ȋ ?ǦȌ Ȁ Ǧ ?Ǥ ? ? ? Ǧ ?Ǥ ? ? ?ȋ ?ǦȌ Ȁ
Table2AugmentedDickeyFullerTestforUnitRoots ?ǡ ?Ǥǯ
ǡǤǯǡǡ
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Table3RegressionCoefficientsandN ?WS.E.
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H0:Homoscedasticity

Equation12
H1:Heteroscedasticity

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
Equation14
Iftheerrortermisgenuinelyarandomerrorterm,ut,noserialcorrelationwouldimplythatʌ=0.
Table35illustratesthatinalloftheteststhereisevidenceofpositiveserialcorrelation,which
indicatesthaterrorsfromthepreviousdaycarryoverintothefuture,thiscouldcausean
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overestimateinoneday,leadingtoanoverestimateinsucceedingdays.TheOLSstandarderrorswill
besmallerthanthetruestandarderrorsandtheparameterestimateswillgivetheimpressionof
beingmoreprecisethantheyreallyare.
UnderbothheteroscedasticityandautocorrelationtheusualOLSestimators,althoughlinear,
unbiased,andasymptoticallynormallydistributed,arenolongerminimumvarianceamongalllinear
unbiasedestimators.Inshort,theyarenotefficientrelativetootherlinearandunbiasedestimators.
Putdifferently,theymaynotbeBLUE.Asaresult,theusual,t,F,andʖ2maynotbevalid(pg442,
Gujarati,2003).

Ifconclusionsaredrawnandinferencesmadedespiteheteroscedastiitytheymaybemisleading,
althoughHeteroscedasticityhasneverbeenareasontothrowoutagoodmodel(Mankiw,1990).
Furtherstatisticaltestingcanbeconductedpost ?regressiontotestwhetherornotthecoefficients
arebiased,futureanalysisinthissectionwilltestonlytheCompoundedWeatherVariable(CHV).

InregardstotheCHV,thenullhypothesisofHomoscedasticityisnotrejectedusingtheBreusch ?
Pagantestandonlyjustrejectedusingthewhitetest,ap ?valueof0.007isonlyslightlybelowthe
0.01rejectionregion.TheWhitetestresultssuggestthatthecoefficientsarebiasedandareno
longervalidtoconstructt ?statisticsandmakeinferences.Whitedevelopedanestimatorfor
standarderrorsthatisrobusttothepresenceofheteroscedasticity,althoughalargesamplesizeis
required,withasamplesizeof2,472inthisanalysisthissolutionisacceptable.Beforecalculating
thehetero ?robustS.E.atestofserialcorrelationwillbeconductedtodeterminewhethertouse
RobustorNewey ?WestadjustedS.E.

Timeseriesdataare,bydefinition,orderedintime,whatoccursattimetisthebestindicatorof
whatwilloccurattimet+1,asaresultthedifferencebetweenthepredictedandactualerrorinone
timeperiodarerelatedtotheerrorinthetexttimeperiod.TheDWtestabovetestedforserial
correlationofanAR(1)nature,theestimatedstatisticfellintotherejectregionsuggestingstrong
positiveautocorrelation,thissuggeststhattheOLSestimatorsarenolongerefficientandthe
estimatedR2isnotareliableestimateofthetrueR2.Tocheckforserialcorrelationofahigherthan
AR(1)naturetheDWisnotsuitable,forthistheBreusch ?Godfrey(LM)testwillbefavoured,which
isstatisticallyamorepowerfultoolthantheDW.Forthispartoftheanalysisthreelaggedvariables
werechosen,theLMtestsconfirmsthatthereisaproblemwithautocorrelationasallthep ?values
areextremelysignificant.Asaresultoftheseteststhispaperconsideredimplementinglagged
variablesintoaregression,thisanalysiswillbeconductedinpartfive.Asaresultoftheabovetests,
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theNewey ?Westmethodwillbeimplemented,whichcorrectsthestandarderrorsforserial
correlationandheteroscedasticity,thesecorrectedstandarderrorscanthenbeusedforinference.
TheNewey ?Westp ?valuescameinverysignificant,(seeTable3)sowecanconcludethatthe
relationshipbetweentheCHVandNaturalGasdemandistrueandstrong.

TheformulatedresearchquestionatthestartofthisanalysiswasDolowtemperatureshavea
significantimpactonNationalGriddemanddata?AlthoughtheCLRMmayoverestimatetheeffects,
theaboveanalysisandpreviousliterature(seeAtesandWang,2007,Mu,2004)clearly
demonstratesthattemperaturehasasignificantimpactonthedemandforNaturalgas.Thebasic
lawsofSupplyandDemanddictatethatifdemandincreases,priceshouldincrease,ceterisparibus.
Part3.4ofthepaperwilllookatNationalGridDemandandSeasonality.
4.4NATIONALGRIDDEMANDANDSEASONALITY
ThemethodologypreferredinthispartoftheanalysiswillinvolveestimatingNationalGridDemand
againsttheWeatherSurpriseDummyVariable(seeEquation21)andtheMonthlyDummyVariable
(seeEquation41).

Equation15
WhereDtisNationalGridactualdemandattimet,WSVttheWeathersurprisevariableattimetand
ʅDVttheMonthlyDummyVariableatmonthʅandtimet.Elevendummyvariableswereincludedin
theanalysistocapturethetwelvemonths,table4showstheestimationresultswhereɴ2isthe
coefficientforJanuary,ɴ3forFebruary...andɴ13Decemberscoefficient,Augustwasomittedfrom
theregressiontopreventproblemsofperfectmulticollinarity.


Demand  Coefficients Std.Err. t RobustS.E Robustt VIFȾ ?  ? ? ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ?  ? ?Ǥ ? ? Ⱦ ?  ? ?Ǥ ? ? ? ? ?  ?Ǥ ? ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ    Ⱦ ?  ? ? ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ ? ?Ⱦ ?  ? ? ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ    Ⱦ ?  ? ? ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ ? ?Ⱦ ?  ? ?Ǥ ? ? ? ? ?  ?Ǥ ? ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ    
Equation15
Estimation
Results
Ⱦ ?  ? ?Ǥ ? ? ? ? ?  ?Ǥ ? ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ ? ?
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Table4NationalGridDemandandSeasonalityEstimatedCoefficients.
Themodelspecificationwasthentested,testsofmulticollinarity,heteroscedasticityand
autocorrelationwereconductedequivalenttothoseimplementedintheearliersection.VIFvalues
wereestimatedtocheckformulticollineratity,noVIFvaluewasfoundtobeabove10soitappears
thereisnoproblemofmulticollinearity.TheBreusch ?Paganstatisticscameinsignificantlybelow
0.05andtheWhitetestcamesignificantlybelow0.01,bothtestsconcludethereareproblemsof
heteroscedasticity.TheBreusch ?Godfrey(LM)testwasimplementedwithvariouslengthsoflags,
therewasnoevidenceofserialcorrelation.Tocorrectforheteroscedasticity,robuststandarderrors
werecalculatedandaredisplayedintable4.
Month EstimatedNaturalGasDemand
(Ⱦ0+Ⱦi)
EstimatedDemandwithWeather
Surprise
(Ⱦ0+Ⱦi+Ⱦ1) 337.9038 370.9216	 329.6833 362.7011 302.7872 335.805 273.2304 306.2482 245.7708 278.7886 207.1028 240.1206 199.1804 232.1982 189.8395 222.8573 210.1127 243.1305 257.2457 290.2635 286.2404 319.2582 325.5894 358.6072
Table5EvidenceofSeasonalDemandforNaturalGas.
Table5isconstructedusingtheresultsfromtable4andthefollowinginferencescanbemade.
JanuaryisthemonthwiththehighestdemandforNaturalgas,Augustthelowestandweather
shockincreasesthedemandforNaturalgasbyanestimated33Mcm,avisualrepresentationis
shownbelowinFigure4,withtotaldemandshownontheverticalaxisandthedateshownonthe
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horizontal.Mu(2004)findsevidenceofademandspikearoundJuneandJuly(hotweathercauses
anincreaseinCoolingDemand),althoughfigure4suggeststhatthereisnoevidencetosuggestthat
thisexistsintheUKmarketforNaturalGas
150
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250
300
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NationalGridEstimatedDemand(Mcm)
NationalGridEstimated Demand(Mcm)

Figure4NationalGridEstimatedDemand(Mcm),
FurtheranalysiswasalsoconductedtoincludeMacroeconomicfactorsanddomesticheatingprices,
totestiftheweatherwasthemostsignificantdeterminantofNaturalGasdemand.Themajorityof
thevariablesaddedwerefoundtobeinsignificantintheshort ?term,onlydomesticpricesaffected
consumerdemand,buttherewerelargelagsandthusarelargelybeyondthescopeofthispaper.





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Equation17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Equation18 ?	ǡǡ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Ǥ
Sept05ǦMay10 GA1NBSpotPrices NBPG1MONFuturesPrices  ? ?Ǥ ? ?  ? ?Ǥ ? ?  ? ?Ǥ ? ?  ? ?Ǥ ? ?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Table6SpotandFuturesSummaryStatistics.
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Table7ADF,Jan2006May2010.
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Table8PortmanteautestforWhiteNoise,Jan2006May2010.
5.3ARMAǦMODELSPECIFICATIONANDRESULTS
Beforeusinganystatisticalmodelling,ameasureofvolatilitymustfirstbedefined.Equations23
explainthebasicstepsindefiningspotpricevolatilityinthispaper

Equation23
WheredY*tistherelativechangeinspotreturnsandXtisthemean ?adjustedrelativechangeinspot
returns.X2twillbeusedasameasureofvolatility.AutocorrelationandPartialAutocorrelation
graphswerefirstconstructed,therewasstrongevidenceofbothintheSpotPricevolatilityvariable
Xt.Acorrelogramwasthenexaminedtoidentifythenatureofthetimeseriesprocess(es).

AnARMAmodelallowsYttobeexplainedbythepast,orlagged,valuesofYitselfandstochastic
errorterms.AnARMA(1,0)modelwasfirstconstructedandisshowninEquation24.

Equation24
Thismodelwasestimatedandthecoefficientswerefoundtobesignificant.Todeterminethe
optimallaglengthofthismodeltheAlkaikeInformationCriterion(AIC)willbeimplemented,whichis
usedtofindthemodelthathelpsbestfitthedatawiththeminimumofparameters.TheAIC
imposesapenaltywhenaddingmoreregressorstoanequation,apenaltyharsherthantheadjusted
R2,themodelwiththelowestAICwillbefavoured.ThePACFsuggestedthatanAR(4)modelcould
bethebestfitofthedataandtable9showsthatanARMA(4,0)modelhasthelowestAICvalue.
 ARMA(1,0) ARMA(2,0) ARMA(3,0) ARMA(4,0) ARMA(8,0) ARMA
(20,0) Ǧ ? ? ? ?Ǥ ? ? Ǧ ? ? ? ?Ǥ ? ? Ǧ ? ? ? ?Ǥ ? ? Ǧ ? ? ? ?Ǥ ? ? Ǧ ? ? ? ?Ǥ ? ? Ǧ ? ? ? ?Ǥ ? ?
Table9AkainesInformationCriterionARComponent.
TofindtheorderoftheMAcomponenttheACFwasestimated,andsuggestedthatanMA(7)would
bestfitthedata.Table10showsthatanMA(7)modelproducedthelowestAICvalue.
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 ARMA(0,1) ARMA(0,2) ARMA(0,3) ARMA(0,4) ARMA(0,7) ARMA
(0,10) Ǧ ?ǡ ? ? ?Ǥ ? ? Ǧ ?ǡ ? ? ?Ǥ ? ? Ǧ ?ǡ ? ? ?Ǥ ? ? Ǧ ? ? ? ?Ǥ ? ? Ǧ ?ǡ ? ? ?Ǥ ? ? Ǧ ? ? ? ?Ǥ   ?
Table10 ?AkainesInformationCriterionMAComponent.
AstheintentionistoconstructanARMA(p,q)model,39differentcombinationordersofboththe
ARandMAcomponentsweretestedtofindthegroupingwiththebestmodelfit,table11
demonstratesthatanAR(3,1)modelwasfoundtohavethelowestoverallAICvalue.
 AR(0) AR(1) AR(2) AR(3) AR(4)ȋ ?Ȍ Ǧ Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ?ȋ ?Ȍ Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ?Ǧ4402.084 Ǧ ? ? ? ?Ǥ ? ? ?ȋ ?Ȍ Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ?ȋ ?Ȍ Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ?ȋ ?Ȍ Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ?ȋ ?Ȍ Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ?ȋ ?Ȍ Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ?ȋ ?Ȍ Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ?
Table11AkainesInformationCriterion ?ARMA(p,q)
TheARMA(3,1)model(Equation25)wasestimatedandthecoefficientsareshowninEquation26.

Equation25

Equation26
ThesecondARcoefficientwasfoundtobeinsignificantatthe5%level.ThereforeEquation26was
improvedbydroppingthesecondlaggedARvariable,therefinedmodelisshowninEquation27and
thecoefficientsshowninEquation28.ItmustalsobenotedthattheAICvalueofthenewrefined
modelis ?4,404.013,sousingtheAICcriteriondroppingthesecondlaggedARvariableimprovedthe
model.

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Equation27

Equation28

AfterfittingthenewrefinedmodeltotheSpotVolatilityvariabletheresidualstermsneedtobe
checkedforserialcorrelation.APortmanteautestforwhitenoisewasconductedatvariouslag
lengthsandtheresidualswerefoundtobehaveaswhitenoiseprocesses,whichconfirmsthisfitted
modelisadequate.ThereisevidenceintheaboveanalysistosuggestthattheUKnaturalgasspot
marketisilliquidandinefficient,forexample,equation28demonstratesthatspotpricevolatility
threedaysagohasmoreimpactonspotpricevolatilitytodaythenyesterdaysvolatility.Figure4,
adaptedfromBrealeyetal(2008)showsthatthefashioninwhichpricereactsisdependenton
marketefficiency.Part5.1ofthepapertestedtheUKNaturalgasspotandfuturesmarketsand
foundevidenceofmarketinefficiency.Theresultsinequation28suggestthatthemarketreacts
withathree ?daylagtoinformation,whichisconsistentwithLine1(Figure5),or,SlowReaction.
Thereisalsoevidence,inthefactthatthe2 ?daylagwasstatisticallyinsignificanttosuggestthatthe
marketispersistentlyinefficient,or,Line4(Figure5).

Figure5PriceBehaviourandtheEfficientMarketHypothesis,Brealeyetal(2008)
Spotpricesestimatedbyreportingfirmsandarebasedoninformalpollsfromtraders,thiscould
meanthatthereportedspotpricesareunreliable,whichmaywellbeakeyfactorformarket
inefficiency.

BloombergEnergyService,forexample,reportsonlybidsandoffers.Butunlikeexchangedealers,
tradersarenotrequiredtohonourthem.Consequently,bidsandoffersmaynotbeaccurate
indicatorsoftheactualrangeofsalespricesonnaturalgasspotmarkets(EIA,2002).

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TheweathersurprisevariablewasaddedtotheaboveARMAanalysis,butthevariablewasfoundto
behighlyinsignificantandreducedthemodelsexplanatorypower.

TimeseriessuchastheUKNaturalgasspotmarketsoftenexhibitvolatilityclustering.The
subsequentpartofthepaperwillaimtoconstructamodelthatbestfitsspotpricereturndata.
5.4GARCHǦMODELSPECIFICATIONANDRESULTS
Giventhatnewscanleadtovariousinterpretations,andalsogiventhatspecificeconomiceventslike
anoil(orNaturalGas)crisiscanlastforsometime,weoftenobservethatlargepositiveandlarge
negativeobservationsinfinancialtimeseriestendtoappearinclusters(Franses,pg155,1998).

Inthispartofpaperaconditionalheteroscedasticmodelwillbeconstructedtomeasurevolatilityof
spotpricereturns.AGeneralisedAutoreggresiveConditionalHeteroscedasticity(GARCH)model,
followingBollerslev(1986),willbeestimatedtocapturevolatility.TheACFandPACFsofSpotPrice
returnwerefirstconstructed,therearesomelargespikesinthereturndata(seeFigure9),such
spikesuggestthatthepercentagechangesarenotseriallydependentandhavesomeARCHeffects.
Firstly,thispapertestedforARCH(q)effectsbasedon1,119observations.Thenullhypothesesof
NoARCH(q)effectswastested,whereARCHeffectsofq ?orderbasedonTobservations.Thenullis
rejectedisthecalculatedstatisticisgreaterthanthetabulatedchi ?squaredvalue.

Equation29
Table12showsthatARCHeffectsweretestedforuptoARCH(4)andinallcasesthenullhypothesis
ofNoARCH(q)effectswasrejected.

 TestStatistic Chi2(1%
confidence) RejectNull? AICȋ ?Ȍ  ? ? ?Ǥ ? ?  ? ?Ǥ ? ? ?  Ǧ ?ǡ ? ? ?Ǥ ? ?ȋ ?Ȍ  ? ? ?Ǥ ? ?  ? ?Ǥ ? ? ?  Ǧ ?ǡ ? ? ?Ǥ ? ?ȋ ?Ȍ  ? ? ?Ǥ ? ?  ? ?Ǥ ? ? ?  Ǧ ?ǡ ? ? ?Ǥ ? ?
Table12TestforARCHeffects
Mu,2004foundthataGARCH(1,1)modelfittedHenryHubNaturalGasdatawell,but,table13
suggeststhataGARCH(2,2)mayfitUKNaturalgasreturnsbest.Tsay(2005)statesthatonlylower
orderGARCHmodelsareusedinmostapplications,say,GARCH(1,1),GARCH(2,1)andGARCH(1,2)
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models(pg.116,Tsay2005).Forthesereasonsamethodologysimilartothatadoptedabove,
calculatingAICvaluesorcompetingmodels,willbeimplementeduptoGARCH(2,2)tofindout
whichmodelfitsthedatamosteffectively.

Theweathersurprisevariablewillbeincludedintothemeanequation(seeEquation30),whichwill
thenbeestimated,whereYtisspotreturns,ʔ0aconstant,WSVttheweathersurprisevariableandɸt
reflectsthenews/shocks.

Equation30

Equation31

Equation32
Equation31statesthatthenewsattimetisnormallydistributedwithtime ?varyingvariance(ht),
conditionalontheinformationavailableattimet ?1(It ?1)whereɸtisconditionallyheteroskedastic.
AlthoughaGARCH(1,2)modelhasthelowestAICvalue(seetable13)forsimplicityaGARCH(1,1)
modelwillbepreferredinfutureanalysis,thiscanbejustifiedbasedonpastliteratureandthefact
theAICvaluesforGARCH(1,1)toGARCH(2,2)modelsarenotsignificantlydifferent.TheWSV
variablewasalsofoundtobeinsignificantintheanalysis,table13showsthatdroppingtheWSV
fromanalysisimprovesmodelspecification,modelswerealsotestedusingtheWeathersurprise
DummyVariable(Equation21),thisapproachwasadoptedbyAtesandWang(2007)andMu(2004)
intheUSNaturalgasmarkets,butthedummyvariablewasalsofoundtobeveryinsignificantusing
UKNaturalGasSpotpricereturndata.
 GARCH(1,1) GARCH(2,1) GARCH(1,2) GARCH(2,2) Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? ? Ǧ ? ? ? ?Ǥ ? ? Ǧ ? ? ? ?Ǥ ? ?
Table13AICforGARCH(p,q)models
AnewmeanequationisspecifiedwhichexcludestheWSV(seeEquation33),Equation34is
estimatedandresultsareshowninEquations35and26.
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
Equation33

Equation34

Equation35

Equation36
Firstly,theestimatedconstantinthemeanequation,whichistheaveragepercentagerateofreturn
onthespotpriceisnegative,0.0014%.Thisisbecauseduringtheperiodinwhichtheanalysishas
beenconducted(Jan2006 ?May2010)Naturalgaspriceshavefallensignificantly,largelybecauseof
technologicaladvancesintheextractionsector,whichhascausedsupplyglutinrecentperiods.
Sincethecoefficientsofthelaggedtermsarehighlysignificant(seeTable14),itseemsthatvolatility
clusteringispresent.
  Coefficients Std.Err. Z Ǧ ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ?  ? ?Ǥ ? ?
ȋ ?ǡ ?Ȍ   ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ?  ? ?Ǥ ? ?
Table14SpotReturns,notethat(ɲ1+ɴ1=0.983<1).
Thenextstepistotestthemodel;analysiswillbeconductedtocheckiftheaboveestimatedGARCH
modelisadequate.Ifthemeanequationisadequate,weexpectthestandardisedresidualterm
(Equation37)tobeawhitenoiseprocess.TheLjung ?Boxforserialcorrelationisconductedtotestto
seeifthestandardisedresidualisseriallycorrelated.

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Equation37
UsingthePortmanteautestforwhitenoiseweconcludethatthestandardisedresidualtermisa
whitenoiseprocess,suggestingthatthefittedmeanequationisadequate.Thesameapproachwas
takentotesttheadequacyofthevarianceequation(Equation34).Atestofthesquared
standardisedresidualwasconductedandfoundnottoexhibitserialcorrelationsuggestingthatthe
fittedvarianceequationisadequatetoo.Thus,theaboveGARCH(1,1)modelappearstobe
adequateindescribingthelineardependenceinthereturnandvolatilityseries.
5.5TǦGARCHǦMODELSPECIFICATIONANDRESULTS
TheGARCHmodelhasaweaknessinthatitassumesthatpositiveandnegativeshocks,orgoodand
badnewsaffectsvolatilityinthesameway,i.e.itassumestheeffectsaresymmetric.However,
therearereasonstobelievethattheeffectsofnegativeandpositiveshocksareasymmetric,the
Threshold ?GARCHmodel(Zakoian,1994)allowsforasymmetriceffects.

Equation38

Equation39

Equation40
Equation38isastandardmeanequation,wherertisspotreturns,ʔ0aconstantandɸtisthenews
term.Equation39isalsoatypicalVarianceEquationwithoneexception,theɶterm.Thecoefficient
ɶiscalledtheleveragetermandcapturestheasymmetriceffects.Inthismodelifyissignificantand
positive(negative),good(bad)newscreatesgreatervolatilityinthespotpricereturns,table15
providestheresultsoftheanalysis.
  Coefficients Std.Err. Z  ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ?  ? ?Ǥ ? ?
ȋ ?ǡ ?Ȍ ɀ Ǧ ?Ǥ ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ? Ǧ ?Ǥ ? ?
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  ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ?  ? ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ?  ? ?Ǥ ? ?
Table15 ?SpotReturns,T ?GARCH,notethat(ɲ1 ?ɶ+ɴ1=0.9502<1).
Theleveragetermisstatisticallysignificantandnegative,whichmeansthatnegativenewsincreases
spotpricereturnvolatilitybyabout7%.Totestmodeladequacythemethodologyappliedtothe
GARCH(1,1)modelinsection5.4,thePortmanteautestforwhitenoiseisapplied.Itisconcluded
thatthefittedmeanequationandfittedvarianceequationsareadequate.Thus,theaboveT ?GARCH
(1,1)modelappearstobeadequate.
5.6SEASONALANALYSIS
TheUKDemandforNaturalhaspeaksinthewinter,supplyanddemandfundamentalsdictatethat
thisshouldcausehigherpricesduringtheperiod,andthushighervolatility,ceterisparibus.Firstlyit
mustbenotedthatthestandarddeviationofspotpricereturnsishigherthanthemean,which
implieshighvolatility.Mu(2004)findsthatthestandarddeviationsinwinterarelargerthanother
seasonsbecausenaturalgasdemandpeaksinthewinterwhensupplyistight.Thefirstpartofthis
analysiswillapplyGARCHtospotreturnsforthemonthsofJanuarytoDecember.Inthesecondpart
ofthisseasonalanalysisthemeasureofvolatilitythatwasdefinedinEquation22willberegressed
againstthefourseasons;Winter,Spring,SummerandAutumn.PreviousUSmarketliteratureand
economictheorysuggestthatspotpricereturnswillbelowerinthesummermonthsandvolatility
higherinthewintermonths.
5.61MONTHLYGARCHANALYSISȋ ? ? ? ?ȌǤǮǯȋǯȌȋ ? ?Ȍǡ ?ɗǤ

Equation41ȋ ? ?Ȍ
ȋ ?ǡ ?ȌǤ

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Equation42ǡ	ȋǦ ? ?Ǥ ? ?ȌǤThemonthsJanuary,March,April,May,Jun,Jul,October,NovemberandDecember
weredroppedfromtheanalysis(allhadp ?values>0.10)andthemodelwasre ?runasEquation43.

Equation43
RemovingtheinsignificantMDVsfromtheanalysisimprovedtheAICvaluefrom ?2,673to ?2,686,
theestimatedcoefficientsaredisplayedintable16,thezvaluesarereportedinfuturetablesasp ?
valuesaregenerally0.000.
  Coefficients Std.Err. Z  ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? Ǧ ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ? Ǧ ?Ǥ ? ? Ǧ ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ? Ǧ ?Ǥ ? ? Ǧ ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ?  ? ?Ǥ ? ?

ȋ ?ǡ ?Ȍ
  ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ?  ? ?Ǥ ? ?
Table16MonthlyDummyVariableGARCH(1,1)Analysis.
ReflectingonTable16thefollowinginferencescanbemade.IfthemonthisAugust,whichis
statisticallythemostsignificantmonth,spotpricesreturnsareexpectedtobe2.5%lower,ceteris
paribus.IfthemonthisSeptember,whichisstatisticallythesecondmostsignificantmonth,butstill
verysignificant,spotpricesreturnsareexpectedtobe1.5%lower,ceterisparibus.Ifthemonthis
February,whichisfairlysignificant,spotpricesreturnsareexpectedtobe1%lower,ceterisparibus.
Modeladequacywasagainverifiedusingthemethodsappliedin5.4andasthelaggedGARCHterms
areverysignificantwecanconfirmvolatilityclusteringisagainpresentinthistimeseries.
5.62SPOTPRICEVOLATILITYANDSEASONALITY
Volatilityisgreaterinthewinterthaninthesummer,thisisbecausethehighmarginalcostof
naturalgasproductionandtheinelasticwintermeanthatshocksofevenasmallmagnitudecan
causealargepriceswingsSuenagaetal(2006).
	ǡǤWinterȋ ? ?Ȍǡ
Springȋ ? ?ȌǡSummerȋ ? ?ȌAutumnȋ ? ?ȌǤ
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
Equation44

Equation45

Equation46

Equation47
IninitialtestingthecoefficientofAutumnwasfoundnottobestatisticallysignificant,thisvariable
wasdroppedfromtheanalysisandregressionmodelre ?run,thisisshownbelowinEquation48.

Equation48

Equation49
Where denotesspotvolatility(definedinEquation22).Table17displaystheestimated
coefficientsandtheirsignificantlevels(95%Conf.).SummerandSpringwerefoundtobevery
significant,andWinterandWSDummywerefoundtobesignificant.
Spot
Volatility  Coefficients Std.Err. t RobustS.E Robustt VIF  ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ?  Ǧ ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ?Equation48  Ǧ ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ?
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 Ǧ ?Ǥ ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ? Ǧ ?Ǥ ? ? ? ? ? ? ?  ?Ǥ ? ? ? ? ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ? ? ? ? ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ?
Table17SpotVolatilityvs.WSDandSeasons.
TotesttheadequacyofEquation48,testsofmulticollinarity,heteroscedasticityandautocorrelation
wereconductedequivalenttothoseinsection4.3.VarianceInflationFactors(VIF)valueswere
estimatedtocheckformulticolineratity,noVIFvaluewasfoundtobeabove10soitappearsthereis
noproblemofmulticollinearity.TheBreusch ?Paganstatisticscameinsignificantlybelow0.05and
theWhitetestcamesignificantlybelow0.01,bothtestsconcludethereareproblemsof
heteroscedasticity.TheLMtestwasimplementedwithvariouslengthsoflags,therewasno
evidenceofserialcorrelation.Tocorrectforheteroscedasticity,robuststandarderrorswere
calculatedandaredisplayedintable17.Spring,SummerandWinterwerefoundtobevery
significant,buttheWeatherDummyinsignificant,Equation50displaystheregressionresults.

Equation50
Inferencescanmadefromtheresultsshowninequation49.Spotreturnvolatilityisestimatedtobe
about1.2%inthewinterand0.8%inthesummer,whichimpliesthatvolatilityisapproximately50%
higherinthewinterthanthesummermonths.TheWeatherVariablewasfoundtobejust
insignificantwhencorrectingforheteroscedasticity,thishasbeenthecasenumeroustimesduring
theanalysisofspotpricereturns.




6CONCLUSIONS 
Themethodologyandmodelsprovidedandtestedabovewerefittedbasedonsomeverysimple
logic,whentemperaturesfall,consumersturnontheircentralheatingsystems,andasintheUK
marketthesearelargelygaspoweredthiswillincreasedemandandthusthepriceofgas.Thispaper
chosetofocusonshorttermfundamentalsthatdeterminegaspricelevels.Generallyitcanbe
concludedthatthedemandfornaturalgaswillovertakecrudeeventually,andthereisevidenceto
suggestthatglobalwarmingwillbecomeasignificantfactorinthefuture,butatthemomentthese
factorsareoccurringslowly.Themainaimofthispaperwastofindifstrongrelationshipsexist
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betweengasdemand,pricesandtheweather,theaimwasnottoforecastfuturepricelevelsand
thisislargelythereasonwhyseasonalitywasntremovedfromthefinancialdata.Inpastliterature
CoolingdemandwasfoundtobesignificantintheUSmarkets(Mu,2004)butthispaperfoundthis
nottobethecaseintheUKmarketswhichimpliesthatfutureresearchiscertainlyneededinthis
area.

Part4focusedontemperatureandNaturalGasdemand,HDDswerepreferredandaCLRMwas
usedtoestimatecoefficients.Itwasestablishedthatdailylowwasthevariablefoundtohavethe
largestimpactondemand,butasthedatadoesnotshowhowlongoratwhattimeinthedaythis
temperatureoccurredresultswouldbeinconsistent,thus,averagetemperatureswereusedto
calculateHDDswhichwerethenregressedagainstthedemanddata.Londonwasfoundtobethe
mostsignificantcityintheUKmarketandthecompositeweathervariablewasfoundtoprovidea
slightlybettermodelfit.Overallitcanbeconcludedfrompart4thatthetemperaturehasavery
significantimpactonNaturalgasdemand,thisisconsistentwiththediscussionsinparts1 ?2ofthis
paper.Problemswithheteroscedasticityandautocorrelationwerefoundwhenthemodelswere
tested,althoughtable3showsthatusingtheNewey ?Westmethod,theadjustedStandardErrorsof
theresidualscanstillbeconcludedtobesignificant.Themodelfitswerealsohigh,asshownbythe
R2valuesintable3,butthiscanlargelybeconcludedasclearevidenceofseasonality.Seasonality
wastestedinpart4.4whereitwasfoundthatJanuarywasthemonthwiththehighestdemandfor
naturalgasandAugustthelowest.Thekeyproblemswiththeanalysisinpart4isthatofmodel
underfitting,thatisrelevantvariablesmayhavebeenomitted.Thiswouldcausetheestimated
coefficienttobebiased,inconsistent,andtheusualconfidenceintervalandhypothesis ?testing
procedureswouldmostprobablygivemisleadingconclusionsaboutthestatisticalsignificanceofthe
estimatedparameters.Asexplainedbrieflyabove,othermacrofactorswereincludedinearly
models,topreventtheproblemofmodelunderfitting.TheseothervariablesincludedGDPper
capital,retailpriceinflationandotherindicatorsthatdetermineaconsumerstandardofliving.
Thesewerefoundtobelargelyinsignificantintheshort ?runtesting.Thekeyvariablethathasbeen
excludedfromthisanalysisisthatofStorage,thispaperwasconductedonbehalfofasponsor,who
hiredtwostudentstoolookatverysimilarissues,thispaperfocusedontemperatureandtheother
ontheroleofstorage.Althoughtheroleofstorageisveryimportantandshouldntbeoverlooked,
thispaperchosetoignorestoragetopreventthesetwopapersfrominevitablyleadingto
overlappingresearch,itisimportanttonotethatexcludingastoragevariablehaspossiblyleadto
modelmisspecification.Althoughtheseproblemsmaybepresentitisimportantagaintonotethat
thispaperaimedtolookforrelationships,notfutureeconometricforecasts,basedontheanalysisin
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part5itcanbeconcludedthataweathersurpriseincreasesthedemandfornaturalgasbyan
estimated33mcm.

TheaimofPart5wastotestformarketefficiency,totestwhichfinancialmarket,thespotorfuture
market,ismostsensitivetochangesintemperatureandtotrytofindifwintermonthsaremore
volatilitythanthesummermonths.Testinginpart5.1foundtheUKNaturalgasmarkettobe
inefficientandthiswasalsoconfirmedinpart5.3whereARMAtestingsuggestedthatspot ?volatility
todayisareflectiononspotpricevolatilityinthepastthreedays.GARCHanalysisinpart5.4found
theWSVtobeinsignificantinexplainingspotpricevolatility,butfoundclearevidenceofvolatility
clustering.TheT ?GARCHtestinginpart5.5foundthatnegativenewsincreasedspotpricevolatility
by7%.Inparts5.61 ?63testsofseasonalitywereconducted.In5.61itwasfoundthatthedemand
fornaturalgaspeakedinthewintermonths,basicsupplyanddemandfundamentalsdictatethat
thiswillcausehigherpricesandgreatervolatility,thiswasconfirmedin5.62wherespotprice
volatilitywasfoundtobe50%higherinthewintermonthsthanthesummermonths.

Incomparisontothekeyliterature,theresultsinPart4areconsistentwiththosefoundbyMu
(2004),whostatedthatbecauseindustrialdemanddoesnotfluctuateintheshortterm,weather
variationisagoodindicatorofchangesinshort ?termnaturalgasdemand.Theresultsfrompart5
largelyfoundtheWSVvariabletobeinsignificant,althoughMuandAtesandWang(2007)bothfound
theirweathervariablestobeverysignificantintheirvolatilityanalysis.Thispaperbelievesthatthiscan
beputdowntotheimmaturenatureoftheUKnaturalgasmarketsatpresent,whichhaveonly
recentlybeenfullyliberalised,thiscauseslargeinefficienciesinthedaytodaydata.Thispaperhas
foundclearevidencetosuggestthatvolatilityisgreaterinthewinter,whichisconsistentwithSuenaga
etal(2006)andBrownandYucel(2008).

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Table18GasSalesandnumbersofcustomersatregionalandlocalauthoritylevel,2007
NationalGridLDZ MeasuringStation BloombergCode VariableNameȋȌ 
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Table19 ?Locationofmeasurementstationsandvariablenames,Bloomberg(2010).
Variable DefinitionǤ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Table20 ?ListofWeathervariablesanddefinitions.
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  Numberof
Observations Min Max Mean
Standard
Deviation Skewness Kurtosis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Table21LondonSummaryStatistics.
  Numberof
Observations Min Max Mean
Standard
Deviation Skewness Kurtosis Ǧ ?  ? ?  ? ?Ǥ ? ?  ?Ǥ ? ?  ?Ǥ ? ?  ?Ǥ ? ? Ǧ ? ?  ? ?  ?Ǥ ? ?  ?Ǥ ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ? Ǧ ?Ǥ ?  ? ?  ?Ǥ ? ?  ?Ǥ ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ?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Table22BirminghamSummaryStatistics.
  Numberof
Observations Min Max Mean
Standard
Deviation Skewness Kurtosis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Table23GlasgowSummaryStatistics.
  Numberof
Observations Min Max Mean
Standard
Deviation Skewness Kurtosis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Table24SunderlandSummaryStatistics.
  Numberof
Observations Min Max Mean
Standard
Deviation Skewness Kurtosis Ǧ ?  ? ?  ? ?Ǥ ? ?  ?Ǥ ? ?  ?Ǥ ? ?  ?Ǥ ? ? Ǧ ? ?  ? ?  ?Ǥ ? ?  ?Ǥ ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ? 
 ? ?ǡ ? ? ?
Ǧ ? ?  ? ?Ǥ ?  ?Ǥ ? ?  ?Ǥ ? ? Ǧ ?Ǥ ? ?  ?Ǥ ? ?
52

  ?  ? ?  ?Ǥ ? ?  ?Ǥ ? ?  ?Ǥ ? ?  ?Ǥ ? ?  ?  ?  ?Ǥ ? ?  ?Ǥ ? ?  ?Ǥ ? ?  ? ?Ǥ ? ?
Table25 ?ManchesterSummaryStatistics.
  Numberof
Observations Min Max Mean
Standard
Deviation Skewness Kurtosis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Table26NottinghamSummaryStatistics.
  Numberof
Observations Min Max Mean
Standard
Deviation Skewness Kurtosis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Table27CardiffSummaryStatistics.
  Numberof
Observations Min Max Mean
Standard
Deviation Skewness Kurtosis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Table28SouthendSummaryStatistics.
  Numberof
Observations Min Max Mean
Standard
Deviation Skewness Kurtosis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Table29BrightonSummaryStatistics.
  Numberof
Observations Min Max Mean
Standard
Deviation Skewness Kurtosis
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Table30 ?BristolSummaryStatistics
  Numberof
Observations Min Max Mean
Standard
Deviation Skewness Kurtosis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Table31SouthamptonSummaryStatistics.
  Numberof
Observations Min Max Mean
Standard
Deviation Skewness Kurtosis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Table32CarlisleSummaryStatistics.
Location DegreeDays NationalGridDemand  ?Ǥ ? ? ? ?  Ǧ ?Ǥ ? ? ? ?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  Ǧ ?Ǥ ? ? ? ?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Table33 ?HeatingDegreeDaysandLocationcorrelations.
Location BreuschǦPaganTestpǦ
value WhiteTestpǦvalue RejecttheNull?  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? Ȁ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Table34TestresultsforHeteroscedasticityforinitialCLRM. 
Location DurbinWatson DW<dL RejecttheNull? Ǥ ? ? ?   Ǥ ? ? ?  
 Ǥ ? ? ?   Ǥ ? ? ?   Ǥ ? ? ?   Ǥ ? ? ?   Ǥ ? ? ?   Ǥ ? ? ?   Ǥ ? ? ?   Ǥ ? ? ?   Ǥ ? ? ?  
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
 Ǥ ? ? ?   Ǥ ? ? ?  
Table35DurbinWatsontestsofSerialCorrelation.

Figure6HurricanesKatrinaandRita,andtheirpathtowardtheUSmainland,August ?September2005.Wells,2006

Figure7DailyNaturalGasProductionfromtheGulfofMexicofollowinglandfallsofHurricanesKatrinaandRita.
Wells,2006
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
Figure8UKLocalDistributionZones,NationalGrid2009.

Figure9ACFandPACFofSpotPriceReturns.

